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(57) Abstract 

A pLxclUtcd diffiractivc device includes a multi- 
plicity of pixels (12, 22) in turn divided into multi- 
ple sub-pixels (13, 23). The device is related to one 
or more pixelUted dif&actiop surface scnictures which 
when illuminated geocrate respective corrcspooding op- 
dcaUy variable image*. The sub-pixels (13. 23) of each 
I pixel of the diffiractive device include diffractiv ecle- 
\ mcDj5jJ[3^u^3a)_an3mgcd^ ific 
j diffract! vc cIcokCQts of each group matching diffractive 
! elements of a corrcspooding single pixel of the rcspcc- 
: tive pixcllated diffraction surface structures. In each 
i pixel of the device the diffractivc clcmcntt n3aj_2ia) 
i of the or each said group are intermixed with other sub- 
; pixels and cooperatively contribute a single element of 
\ the ctTTTcspODdiDg optically variable image which is gcn- 
I eratcd on illuminatioQ of the diffractive. 
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MULTIPLE IM/\GE DIFFRACITVE DEVICE 
F\f\d of the Invention 

5 This invention relate to diffraaive devices and to their manufacture and has 

particular though not exclusive application to the provision of optically variable 
security diffraciive devices which may be adapted for affixment to or incorporation 
in, for example, currency notes, credit cards, charge cards, share certificates and the 
like. 

10 Background An 

The present applicant's international patent publication WO91/03747 
(application PCT/AU90/00395) proposes a diffraction grating structure comprised 
of a multiplicity of pixels which are individual optical diffraction gratings so that the 

15 pixellated diffraction grating when illuminated generates an optically variable image. 
The applicant's pixellated diffraction gratings utilising curved line grating pbcels have 
become known by the trademark Pixelgram (trade mark). According to preferred 
aspects of the arrangement disclosed in the international application, the respective 
diffraction grating of each grating pixel comprises a plurality of reflective or 

20 iransmissive grooves or lines which are usually curved across a pixel. Groove or line 
curvature determines both local image intensity, e.g. shading, and local optical 
structural stability. Groove or line spacing in each pbcel determines local colour 
properties, with non-primary colours generated by a pixel mbdng. Average groove 
or line orientation determines movement or colour effects, and the number of 

25 distinct values of average curvature and average spacing may be viewed as defining 
the Pixelgram palette, by analogy with the language of computer graphics. A further 
disclosure of a security diffraction grating structure is to be found in international 
patent publication WO90/07133 (PCT/AU89/00542). 

The present applicant's international patent publicauon W093/18419 
30 (PCT/ AU93/00102) discloses how seleaed visuaUy observable effects in the opticaUy 
variable image may be generated by arraying the pixels in groups within which the 
pbcels are arranged according to a predetermined rule for the puccUated diffraction 



w o 94/28444 



PCT/AU94/00279 



grating. Thus, for exarnple, multiple sets of different images, or of the same image 
but different shading or colour, may be produced at different viewing angles;. 

The concept of providing multiple optically variable images a: different 
viewing angles, using a pbcellated diffraaive device in which each pixel contains a 
5 sub-pixel corresponding to each image, is also disclosed in US patent 5,032,003. In 
that case, eacn diffractive sub-pixel is a straight line grating. This is an example of 
a more general class of pixeliarcd diffractive structures utilising straight line grating 
pixels and known by the trademark Kinegram. 

Australian patent application 10499/92 proposes a pbcellated diffraaion 
10 grating structure with three channels which constitute views from different angles of 
the same image, in order to obtain a stereoscopic image. The gratings may be 
curved line gratings. A predecessor of this reference is Japanese patent (Kokai) 
publication 2-72320. 

European patent publication 467601 is concerned with holographic diffraction 
15 grating patterns which may include curved line gratings. Overlaid or alternate 
channels are proposed for providing different images at different angles. The 
different images may include numerical information and logos. 

Snmmnry of the Inventaon 

20 

The present inventor has now appreciated that the concepts of the 
aforementioned applications can be further extended to provide diffractive devices 
which give one or more optically variable images, by fracturing the pixels of each 
image into sub-pbccls and then rearranging and interlacmg the sub-pbcck so that the 

25 sub-pbtcls cooperatively provide elements of the respective images. In proposing this 
further development, the inventor has appreciated that he can take advantage of the 
mathematical theorem in Fourier analysis that the Fourier transform of any 
diffractive function is translauonally invariant. 

The invention accordingly provides, in one aspect, a pbcellated diffractive 

30 device comprising a multiplicity of pbcels in turn divided into multiple sub-pixels, 
which device is related to one or more pbcellated diffraction surface structures which 
when illuminated generate respective corresponding optically variable images. Sub- 
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pixels of each pixel of the diifraciive device include or consist of diffractivc elements 
arranged in one or more groups. The diffractive elements of each group match 
diffraciive elements of a corresponding single pixel of the respective pixellated 
diffraction surface structures. In each pixel of the device the diffractivc elements of 
5 the or each said group are intermixed with other sub-pixels and cooperatively 
contribute a single element of the corresponding optically variable image which is 
generated on illuminauon of the diffractive device. 

The invention also provides, in another aspect, a method of deriving at least 
a representation of a pixcUated diffractive device, comprising; a multiplicit\' of pixels 

10 in turn divided into multiple sub-pixels, which method comprises deriving at least a 
primary representation of each of one or more pixellated diffraction surface 
structures which when illuminated generate resp>cctive corresponding optically 
variable images, fracttiring each pixel of the or each said primary representation into 
multiple diffractive elements, and deriving at least a secondary representation of said 

15 pixellated diffractive device by forming each pixel thereof so that sub-pixels thereof 
include or consist of diffractive elements arranged in one or more groups, the 
diffraaive elements of each group matching diffractive elements of a corresponding 
single pixel of the respective said pbccUated diffraction surface structure, wherein in 
each pixel of the device, the diffractivc elements of the or each said group arc 

20 intermixed with other sub-pixels and cooperatively contribute a single clement of the 
said corresponding optically variable image. 

In some prior references, the term "relief structtire" is utilised interchangeably 
with or instead of "diffraction grating" or "diffraction surface structure'. The term 
"diffraction surface stnicrure" is employed herein to indicate a structure which is 

25 either rcflecuvc or transmissive. Without in any way limiting the scope of 
"diffraction surface structures", it is noted that such structures may include, for 
example, line or jjroove diffraction gratings, small squares, rectangles or polygons. 

By "at least a representation' is meant that the respective integer may be 
actually formed, or, if not. at least a representation is formed. The representation 

30 may be a set of code or data defining the respective integer, e.g. in a computer 
memory means. The aforesaid deriving steps arc preferably carried out in suitably 
programmed curaputcr operations. The method may advantageously include the step 
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of utilising the derived representation to drive a *;iiitable machine, e.g. ?n electron 
beam lithography machine, to form the actual diffractive device. 

Preferably, there are at least two optically variable images, each associated 
with a respective group of diffractive elements. The images may be the same or 
5 similar scenes but differendy oriented or of different shading or colour. One or 
more further groups of sub-pixels of the device may colleaively generate an optically 
invariable image. 

There are preferably at least four sub-pixels per pixel, but more preferably at 
least 16 in a 4 X 4 square array of square sub-pixels. The pixels are preferably 
10 sufficiendy small to be below the resolution limit of a healthy human eye, for 
example, less than 125 micron on edge and more preferably about 30 to 80, e.g. 
aroimd 60 micron. 

'i"he diffractive sub-elements arc preferably dispersed within each pbccl so as 
to produce a predetermined discernible effea in the corresponding optically variable 
15 image. The dispersal of the diffractive elements may be chosen from a 
predetermined set of selections which therefore defines a mapping palette for the 
diffractive element array, again by analogy with the language of computer graphics. 
In a case where, in accordance with international patent publicauon WO91/03747, 
the respective diffraction surface structures forming the pixels of the pixcliated 
20 diffraction surface structure have been formed, e.g. in relation to predetermined 
variables such as groove or line curvature, groove or line spacing and average groove 
or line orientation, from a primary palette, the aforementioned mapping palette 
forms a secondary palette and the diffractive device entails successive selections from 
both the primary and secondary palettes. 
25 The diffractive elements within the pbcels may involve classes of miniature 

diffc action gratings of curved and variably spaced grooves, or alternatively elementary 
arrays of polygon shaped relief structures (pixels within pbcels of pixels or SQUOTS) 
of dimensions of the order of fractions of a micron. In general the transformed 
representations of the input images may involve classes of groups of diffractive 
30 elements. A class of different groups of diffractive elements is defined as a 
component palette of component pbcel types. Since each element of a component 
palette is itself a group of diffraaive elements, each diffraaive element can be 
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regarded as a member of a sub palette and hence each component palette is, in this 
embodiment, a palette of sub palettes (palettes within palettes). 

The invention therefore also provides, in a further aspect, a method of 
forming a pixellated diffractive device in terms of a multiplicity of diffraction graung 
5 palettes wherein each palette contains miniature diffraction grating groups and each 
group M is in itself a sub-pixel palette of N sub-pixel diffractive elements comprising 
defining the device by rep>eating each group M at predetermined locations within a 
large array of repeat group locations, the map of repeat group locations for each 
group M being determined by a set of complex mapping relations between the large 

10 array and a set of invariable unage component maps which act co-op)cratively under 
the control of the mapping relations to define the diffractive properties of the 
diffractive device thereby formed on said large array. 

As already indicated, the images generated by the diffractive device may be 
either optically invariable or optically variable. An image is described herein as 

15 "optically variable" where it varies according to the position of observation and 
"optically invariable" where it remains substandally the same regardless of the 
position of observation. By "image" in the context of this spccificauon is meant the 
optical image observed by the naked eye focussed on the diffractive device when it 
is illuminated by an arbitrarily extended diffuse source of finite width such as a 

20 fluorescent tube. The term "image" is used herein in its broadest sense, not being 
limited to pictorial or diagrammatic images but extending, e.g. to figures, numbers, 
data and codes. 

It is an advantage of the present invention that the diffractive device may 
produce not only a mix of opucally variable and opucally invariable images but may 

25 also produce two or more different kinds of optically variable images. For example, 
the optical variable images may be of a Pixelgram type (i.e. each pixel is a curved 
line diffraction grating), a Kinegram type (i.e. each pbcel is a straight line diffraction 
grating), or a mathemaucal hologram. For each case, the structure of the component 
mapping palettes is determined by the optical properties of the input images and the 

30 required optical properties of the component viewable images generated by the 
diffractive device. 

The diffraaion device may be provided on a suitable substrate, eg a metal 
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foil, and/or may be affixed or formed in a carrier eg a currency note, credit card, 
bank account or ATM card, debit card, security card, charge card or prepaid card. 

Brief Description of the Drawings 

5 

The invention will now be further described, by v/ay of example only, with 
reference to the accompanying diagrams, in which: 

Figure 1 is a diagrammatic representation of the formation of an embodiment 
of diffraaive device in accordance with the invention, the diffractive device 
10 generating two different optically variable images and utilising Pbcelgram-type curved 
line diffraction gratings; and 

Figure 2 is a diagrammatic representation of a furt^ier embodiment of the 

invention; and 

In Figures 1 and 2, the optical effea arising from slight discontinuities or 
15 steps in the grating lines is a printer anefact. 

De5;criprion of Preferred EmbodimcnU 

Figure 1 depicts one pixel 12^, for each of two pbcellated diffraction gratings 
20 designed in accordance with the principles set out in international patent publication 
WC)91/03747 and intended to produce respective different optically variable images 
when illuminated. The two pbcels are preferably at corresponding coordinate 
positions in the respective gratings. It will be understood that each of the diffraction 
gratings docs not necessarily physically exist at this stage and that each of the two 
25 illustrated pbcels may merely have been designed in a computer system and this 
design set down as a representation in the form of a set of stored data, or more 
preferably as a code for a selection fiom a Pixelgram palette, as further discussed 
hereinafter. 

As explained in international patent publication WO91/03747, the contents 
30 of which are incorporated herein by reference, the respective pbcellated diffraction 
gratings are produced from an optically invariable image by first dividing up the 
image into square pbcels (in this case 62.5 micron squares) and assessing the greyness 
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factor, chroma or colour value, or more specifically the grev-ness faaor, chroma or 
colour value of each pixel in turn. This process is typically carried out by cjqx5sing 
an image to a video camera coupled to a suitable computer system, the greyncss 
factor for each pbcel being stored in the computer memory. Groove or line curvature 
5 across a pixel determines both local image intensity, e.g. shading and local optical 
structural stability. Groove or line spacing in each pixel determines local colour 
properties, with non-primary colours generated by a pixel mixing. Average groove 
or line orientation determmes movement and colour effects, and the number of 
distina values of average curvature and average spacing may be viewed as defining 

10 the pbcelgram palette by analogy with the language of computer graphics. The lines 
are derived from a function Sy^^^y) ^ more fully explained in international patent 
publication WO91/03747. 

It is emphasised that the diffraction grating pixels 12J22 may be pixels of other 
forr • of pbcellated diffraction surface structure, e.g. Kinegram-type structures or 

15 holograms. 

The next step is to fracture or divid.; the respective pixels \2J22 Into multiple 
diffractivc elements 13^. A preferred fracturing is a simple n x n square array, 
dcpiacd in Figure 1 as a grid overlay 15. In this example, it is a 7 x 7 array 14,24 
of square diffractivc elements 13,23 of almost 9 micron sides, a total of 49 diffractive 
20 elements. 

The set of diffractive elements is then sampled and displaced or rearranged 
so that approximately half of the diffractive elements of each set are rearranged in 
an even, spaced out array 16,26. It will be seen that the two arrays 16^6 are 
prcscleaed so that, in each array, the retained diffractive elements 13a^a occupy 
25 mutually exclusive positions. The two arrays can then be merged or interlaced to 
produce the combined pixel 30 in which the diffractive elements 13a;23a define a 
complete set of sub-pixels 31. In this simple case, sub-pucels 31 consist of diffractive 
elements 13a^a. 

This process may then be repeated for all the corresponding pixels of the two 
30 designed Pbcelgram-type gratings. The resultant set of pixel representations, in the 
form of suitable data or code, is applied to an electron beam (or "E-bcam") 
lithography system to produce xhc real grating. E-bcam machines are particularly 



) 94;:.s44-4 r(::T/Aii94;oo279 

- 8 - 

suitable for etching out a dilfraction grating microgroove pattern in a substrate in 
accx)rdance with the supplied data or codes. This aspect of the process is already 
known and is described, e.g., in International patent publication WO91/03747. In 
a practical apphcatioru a master diffractive device designed to generate characteristic 
5 images is made by the above method, and this master is subsequendy utilised to 
produce authorised copies. The grating may be typically written as an array of 
square cut reflective grooves in a metallised surface, for example PMMA electron 
resist spin coated onto a chrome coated glass substrate. This substrate may then be 
processed to produce a gold coated nickel master. For example, a durable metal 

10 master of the optimised grating may be obtained by vacuum coating the photo-resist 
master with 2000 angstrom 99.99% gold and electro-depositing a thick layer of nickel 
to aa as a support. After separating from the glass master, this gold coated nickel 
master may be bonded to a brass block and used as a dye for hot pressing of 
authorised plastic film /foil replica gratings. 

15 It will be seen from Figure 1 that the design of the arrays 16^6 involves in 

some instances a substantial rearrangement of the relative positions of the diffractive 
elements within the pixel. Thus, their relative spatial arrangement is substantially 
different from their arrangement within original pixels in which the diffractive 

elements co-operate as a contiguous surface structure. For example, the diffractive 

20 elements arc not merely spread out but occupy different co-ordinate positions in the 
array. On the one hand, because of the aforementioned theorem of Fourier analysis, 
this docs not effect the integrity of the combined contribution of the diffractive 
elements or sub-pbcels to the corresponding single element or pixel of the viewed 
optically variable image. On the other hand, observable effects can be produced in 

25 the viewed image by particular relative rearrangements of the diffractive elements 
within a pixel. It is also necessary to take accoimt of the loss of half of the 
diffractive elements. Thus, for example, it has been realised that in a diffraction 
grating pbcel such as 12, the closest spaced lines towards the left and towards the 
bottom control the positive order components of the image generated when the 

30 grating is illuminated, and the greater spaced region towards the right and top more 
controls the negative order components. Thus, if the diffractive elements 13a 
retained in the array 16 arc chosen more from the region towards the bottom left 
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comer of pixel 12, there will be a strong positive bias in the contribution to the pixel 
of the image. A set of seleaions of different rules for sampling and displacing the 
diffraaive elements 13^ of tlie fraaured array 14^4 can be predetermined as a 
secondary palette for the s\'stem. 
5 Some examples of other effects able to be produced by respective selections 

from the secondary palette include: 

(i) An "RGB" palette consisting of red, green and blue sub-palettes 
\vhich together act cooperatively to produce a true colour image of the subject at one 
angle of view. The red, green and blue sub-palettes have carrier frequencies which 

10 differ slighdy from each other, but the same range of greyness factors; 

(ii) Transparency effects produced by an optically variable 
Pixclgram-type image in one component with a generalised grating as the second 
component; 

(iii) An optically invariable image in one component and an optically 
15 variable image as the second component. The optically invariable image sub-palette 

consists of a palette of diffusely diffracting pixels of different levels of greyness which 
produce a static image in zero-order. 

It will now be imderstood that the general case combining the primary and 
secondary palettes can be viewed as a set of N component palettes with Ml elements 

20 in the first component palette, M2 elements in the second palette ... and MN 
elements in the Nth component palette. 

It will be appreciated that the fracturing, sam.pling/displaccmcnt and 
recombination steps in accordance with the preferred practice of the invention allow 
the production of complex multi-component diffractive devices for which the images 

25 have a much smoother appearance, since the effective image resolution can be 
increased due to the grid size being reduced to the size of a 5 to 15 micron 
diffractive element or sub-pixel rather than a full, e.g. 60 or so micron, pixel. The 
effective palette size has also been increased by the fracturing and sampling 
technique since it allows for the mixing in of additional specialised sub-pbcels. 

30 Finally, fracturing, sampling and recombination allows for much more flexibility in 
assigning image element characteristics to the mathematical properties of the sub- 
pixels. 
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A number of further embodiments are possible wthin the general concept of 
the invention. For example, the sampling process involved in deriving the array 
16*25 from the fractured pixel 1 4^4 may involve choosing only (n x n/2)M diffraction 
elements from each pixel and then interlacing 2M sub-pixels not chosen from the 
5 main fractured pixels, with specialised optical properties, to fdl the remaining areas 
of the eventual array. These additional sub-pbcels may be designed to contribute 
special diffuse light effects, zero order diffraction effects or applications-specific 
colour switch effects to the final image. 

In another alternative embodiment (Figure 2), also indicated as secondary 

10 palette (ii) above, a PLxelgram-type pixellated diffraction grating 40, shown here as 
generating an optically variable image recognisable as Albert Einstein, may be 
combined with a non-pixeUated generalised diffraaion grating 42 consisting of a 
curved groove pattern with variable spacings between the grooves. The result is a 
diffractive device 45 which under illumination produces one or more optically 

15 variable semi-transparent images embedded in a backgroimd diffractive field. 
Because the background generalised grating is relatively slowly varying when 
compared to the very small scale pbcellated grating pattern, the background grating 
pattern will produce relatively large scale zero-order Talbot or Moire fringe patterns 
when the diffractive device is copied using holographic reflection contaa printing 

20 techniques. The presence of the strong fringe pattern on the copy will ensure that 
the copy is markedly different from the original version and hence this type of 
diffractive device in accordance with an embodiment of the invention will have a 
high level of optical security. 

It will be appreciated that in each of these embodiments, each of a group M 

25 of miniature diffraction grating groupjs is repeated at predetermined locations within 
a large array of repeat group locations. The map of these locations for each group 
M is determined by set of complex mapping relations between the large array and 
a set of invariable image component maps which aa co-operatively imder the control 
of the mapping relations to define the diffractive propeaies of the diffraaive device 

30 thereby formed on said large array. The mapping relation required to produce the 
type of diffractive device described in the preceding paragraph is sunilar to that 
reqturcd for the device illustrated in Figure 1 except that the generalised grating 
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pattern first needs to be redefined mathematically as a set of n x m small grating 
elements that can be interpreted as grating pixels able to be combined with the n x 
m pixels of the input Pbccl gram -type component. This redefinition of the generalised 
grating can be achieved by overlying the grating with an imaginary n x ra grid and 
5 then calculating the average groove spacing and azimuth angle or groove orientauon 
within each grid element or pixel. The generalised grating then becomes a set of n 
x m convenuonal straight line grating pixels of different orientations which can be 
fractured, sampled, displaced and interlaced with corresponding sub-pbcels of the 
corresponding Pixclgram type grating pixels. 
10 Throughout this specification and the claims which follows, unless the context 

requires otherwise, the word "comprise", or variations such as "comprises" or 
"comprising", will be understood to imply the inclusion of a stated integer or group 
of integers but not the exclusion of any other integer or group of integers. 
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CLAIMS 

1. A pLxellaied diffractive device compnsing a muJtipiicity of pixels in turn 
divided into multiple sub-pixels, which device is related to one or more pixeLlated 
5 diffraction su^-face structures which when LUurainated generate respective 
corresponding optically variable images, wherein the sub-pixeLs of each pixel of the 
diffractive device include diifraaive elements arranged in one or more groups, the 
diffractive elements of each group matching diffractive elements of a corresponding 
single pixel of the respeaive said pixellated diffraction surface scrucmrcs, and 
10 wherein in each pixel of the device the diffractive elements of the or each said group 
are intermixed with other sub-pixels and coop)craiiveiy contribute a single element 
of the said corresponding optically variable image which is generated on illumination 
of the diffractive device, 

15 2. A pixellated diffractive device according to clsiim 1, which generates on 
illiuninatidn at least two optically variable images, each associated with a respective 
group of diffractive elements. 

3. A pixellated diffractive device according to claim 1 or 2, wherein said 
20 diffractive elements are dispersed within each pixel so as to produce a predetermined 

discernible effca in the corresponding optically variable image. 

4. A pbcellated diffraaion device according to claim 1 or 2, wherein said 
diffractive elements are dispersed within each pixel so that their relative spatial 

25 arrangement is substantially different from their arrangement \^'ithin a corresponding 
single pbcel in which the diffractive elements co-operate as a contiguous surface 
structure. 



30 



5. A pbcellated diffractive device according to any preceding claim, wherein said 
images are the same or similar scenes but differently oriented or of different shading 
or colour. 
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6. A puxeliaied diffracuve device according to any preceding claim, wherein one 
or more further groups of sub-pLxels of the device collectively generate an optically 
invariable image. 



5 7. A pixellated diffractive device according to any preceding claim, wherein there 
are at least 16 sub-pixels per pixel -n a 4 x 4 array of square sub-pixels. 

8. A pixellated diffractive device according to any preceding claim, wherein said 
pixels arc sufficiently small to be below the resolution limit of a healthy human eye, 

10 for example, less than 125 micron on edge. 

9. A pixellated diffractive device according to any preceding claim, whcrem said 
diffraaive elements within the pbcels involve classes of mimature diffraction gratings 
of curved and variably spaced grooves. 

15 

10. A pixellated diffractive device according to any preceding claim, wherein said 
diffractive elements within the pixels involve elementary array's of polygon shaped 
relief structures of dimensions of the order of fractions of a microrL 

20 11, A method of deriving at least a representation of a pixellated diffractive 
device, comprising a multiplicity of pbcels in turn divided into muluple sub-pixels, 
which method comprises deriving at least a primary representation of each of one 
or more pixellated diffraction surface structiu-es which when illuminated generate 
respective corresponding optically variable images, fracturing each pixel of the or 

25 each said primary representation into multiple diffractive elements, and deriving at 
least a secondary representation of a pixellated diffractive device Hy forming each 
pixel thereof so that the sub-pbtels thereof include or consist of diffractive elements 
arranged in one or more groups, the diffractive elements of each group matching 
diffractive elements of a corresponding single pbcel of the respective said pbcellated 

30 diffraction surface structure, wherein in each pixel of the device, the diffractive 
elements of the or each said group are iniermbced with other sub-pixels and 
cooperatively contnbute a single element of the resj)ective corresponding optically 
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variable image. 



12. A method according to claim 11, wherem said secondcry representation is a 
set of code or data defining the respective integer, e,g. in a computer memory means. 

5 

13. A method according to claim 1 1 or 12, wherein said deriving steps arc carried 
out in suitably programmed computer op^erations. 

14. A method according to claim 11, 12 and 13 further including utilbing the 
10 derived secondary representation to drive a suitable machine, e.g. an electron beam 

lithography machine, to form the actual diffractive device. 

15. A method according to any one of claims 11 to 14, wherein there are at least 
two optically variable images, each associated with a respective said group of 

15 diffractive elements of the secondary representaricn. 

16. A method according to any one of claims 11 to 14, wherein said diffractive 
elements of the secondary representation arc dispersed within each pixel so as to 
produce a predetermined discernible effea in the corresp>onding optically variable 

20 image. 

17. A method according to any one of claims 11 to 14, wherein said diffractive 
elements of the secondary representation are dispersed within each pixel so that their 
relative spatial arrangement is substantially different from their arrangement within 

25 a corresponding single pixel in which the diffractive elements co-opcraie as a 
contiguous surface structure. 

18. A method according to any one of claims 11 to 17, wherein said images are 
the same or similar scenes but differcndy oriented or of different shading or coloiu-. 

30 



19. A method according to any one of claims 11 to 18, further including effecting 
said deriving, fracturing and deriving steps whereby one or more further groufK of 
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sub-pixels of the device coUeaively generate an optically invariable image. 



20. A method according to any or.e of claims 1 1 to 19, wherein there are at least 
16 said sub-pixels per pixel in a 4 x 4 array of square sub-pbcels. 

5 

21. A method according to any one of claims 11 to 20, wherein said pixels are 
sufficiently small to be below the resolution limit of a healthy human eye, for 
example, less than 125 micron on edge. 

10 22. A method according to any one of claims 11 to 21, wherein said diffraaive 
elements within the pixels of the device involve classes of miniature diffraction 
gratings of curved and variably spaced grooves. 

23. A method according to any one of claims 11 to 22, wherein said diffractive 
15 elements within the pixels of the device involve elementary arrays of polygon shaped 

relief structures of dimensions of the order of fractions of a micron, 

24. A method according to any one of claims 11 to 23, wherein the dispersal of 
the diffractive elements is chosen from a predetermined set of selections which 

20 therefore defines a mapping palette for the diffractive element array. 

25. A method according to claim 24, wherein the respective diffraction surface 
structures forming the pixels of the pixellated diffraction surface structure are 
formed, in relation to predetermined variables including groove or line curvature, 

25 groove or line spacing and average groove or line orientation, from a primary 
palette, said mapping palette forming a secondary palette and the diffractive device 
entailing successive selections from both the primary and secondary palettes. 

26. A method of forming a pixeUated diffractive device in terms of a muluplicity 
30 of diffraction grating palettes wherein each palette contains miniature diffraction 

grating groups and each group M is in itself a sub-pixel palette of N sub-pixrl 
diffractive elements comprising defining the device by repeating each group M at 
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predeicrmined locations within a large array of repeat group locations, the map of 
repeat group locations for each group M being determined by a set of complex 
mapping relations between the large array and a set of invariable image component 
maps which aa co-operatively imder the control of the mapping relations to define 
5 the diffractivc properties of the diffractive device thereby formed on said large array. 

27. A pixellated diffraaive device formed by the method of claim 26. 

28, A stored set of data defining a pucellated diffraaive device according to any 
10 one of claims 1 to 10 or 27. 
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